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同时还是一种人兽共患疾病，3、4 基因型 HEV 被广泛发现于人以外的多种非灵
长类哺乳动物身上，家猪是其最主要的动物宿主及传播载体。HEV 无论是在发
展中国家还是发达国家都越来越成为一项重要的公共卫生问题。 
HEV 衣壳蛋白作为病毒外表面上最主要组分广泛参与了 HEV 的宿主识别、
感染、致病、以及诱导宿主的免疫应答等许多过程，在其中发挥了重要的作用。
但由于长期缺乏有效的细胞及小动物研究模型，以及人们对 HEV 的认识与关注
度的不足，使得存在于 HEV 衣壳上的免疫与中和的表位基础、HEV 呈现单一血
清型的表位基础以及不同基因型间宿主嗜性与流行差异的分子基础等重要分子
机制一直未能得到阐明。2009 年以来研究者们成功的解构了多个不同基因型的
HEV 衣壳蛋白晶体，成功展示出了 HEV 衣壳的表面结构。但如何建立起直观结
构与功能之间的联系，发现 HEV 衣壳上的功能区域，也随之成为探索 HEV 免
疫、感染与流行过程中诸多分子基础的关键命题。 
本论文建立了广泛识别 HEV 衣壳表面结构的单抗盘，并以单抗作为工具深
入研究了 HEV 衣壳表面表位区与其所行使的功能之间的联系。 
首先本研究创新性的将统计学聚类分析应用于单抗盘识别表位的分析上，发




在 HEV 衣壳表面的位置以及各它们在病毒免疫及感染过程中所发挥的重要作用。 
4 个表位区域中 3 个为构象性表位区（C1、C2 及 C3），定位于 a.a.459-606

















C1 表位区跨越范围较广，相对位置上处于 C2 与 C3 表位区之间，其覆盖位
点以二聚体界面处的 a.a.542、a.a.553、a.a.564 及 a.a.606 为核心向两翼延伸。识
别该表位区的代表性单抗 8G12 对不同基因型 HEV 均有良好的反应性，并在细
胞模型上展现出对不同基因型 HEV 的很好的中和活性。该表位区所包含的单抗
识别位点很有可能是 HEV 只具有一个血清型，以及戊肝疫苗对不同基因型 HEV
均有良好保护性的分子基础。 
C2 表位区相较于其他两个构象表位区更靠 HEV 衣壳内侧，其核心位点已被
精确定位于 a.a.512 附近。本研究发现该表位区的暴露程度易受到邻近区域其他
氨基酸的影响而减弱。C2 表位区是一个已经被证实的中和表位区域，识别该区
域的单抗对 1 型 HEV 的中和效果要明显强于 4 型。 
C3 表位区位于二聚体上靠近顶端的位置，为 3/4 型 HEV 所特有的表位区。
本研究证明了该表位区的存在完全依赖于 1/2 型与 3/4 型 HEV 间保守差异氨基
酸位点（a.a.483、a.a.490、a.a.492、a.a.497 以及 a.a.599）的变异，并发现该表位
































Research of functional domain on the surface of Hepatitis E 
virus capsid 
Abstract 
Hepatitis E induced by Hepatitis E virus (HEV), is one of the dominant cause of 
acute viral hepatitis in worldwide. Early report showed that HEV causes water-borne 
epidemics in developing countries and regions with poor sanitary conditions. The 
recent accumulating evidences suggest that HEV is also a zoonosis, genotype 3 and 4 
HEV were found in many non-primate mammals besides human. Domestic pigs are 
the primary host and carrier. HEV has been becoming an essential public health issue 
in not only developing but also developed countries. 
HEV capsid, as the most important component on the viral surface, is wildly 
involved in host recognization, infection, pathopoiesis and inducing host immune 
response, etc. Nonetheless, the long-term lack of effective cell and small animal 
model, along with our lack of HEV knowledge and attention have made the important 
molecular mechanisms of these processes not clear, such as the foundation of 
immunization and neutralization epitope on HEV capsid surface, the molecular 
mechanism of diversity of host and epidemicity induced by different genotypes, and 
the epitopes basis for single serology of HEV. Since 2009, investigators have obtained 
many HEV capsid protein crystal structure of different genotypes and showed the 
structure basis of HEV capsid. However, how to found the connection between 
structure and function and how to discover the functional regions on HEV capsid 
surface, have furthermore become the key issue to explore the molecular foundation 
of numerous characteristics in the course of HEV immunization, infection and 
epidemicity. 
This article established a monoclonal antibodies (MAbs) panel comprehensively 
cover the capsid surface of HEV, and used MAbs to explore the connection between 

















To start with, our research innovatively applied clustering statistic analysis 
software to the prediction of epitope recognization using MAbs panel, and found out 
at least 4 independent areas of epitopes on the capsid surface of HEV. By using 
methods of antigen genetic modification, reactivity test with antigens, reactivity test 
with virus, cell model based on virus-like particle (VLP), cell model based on HEV 
and infection model of rhesus monkey, we thoroughly analysed the reactivity, 
neutralization and sensitivity of the MAbs from the panel towards amino acid mutants. 
And we revealed the locations of these 4 areas of epitopes on the surface of HEV 
capsid as well as the essential role each epitope played during the processes of HEV 
immunization and infection. 
3 of the 4 areas of epitopes (C1, C2 and C3 areas) include conformational 
determinations located in a.a.459-606, and the other one (L area) includes leaner 
epitopes located in a.a.403-457. 
C1 area covers a wide range on HEV capsid，its relative position is between C2 
and C3 areas. The core sites of C1 area are a.a.542, a.a.553, a.a.564 and a.a.606 
located nearby the interface of 2 monomers, and the other sites of C1 area from the 
core region extend to both sides. The MAb 8G12 recognized C1 area showed 
broad-spectrum reactivity and neutralization to VLPs and virus from different HEV 
genotypes on cell model. It indicates that the determinations included in C1 area 
maybe the molecular basis of the only one serotype of HEV and broad-spectrum 
efficacy of HEV vaccine.  
Compared to C1 and C3 areas, C2 area presents on the medial of HEV capsid. 
It’s reported that the key site of this area is a.a.512. But in this research we found that 
the exposure of C2 area is easily weakened by the mutantion of the amino acid near 
this area. C2 area has been proved to be one of the basis of neutralization of HEV, but 
the reactivity of MAbs recognized this area with genotype 1 HEV is stronger than 
with genotype 4 HEV.  
C3 area locates on the top of the capsid, it’s a unique area just presented on  
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